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F nmr spectra of complexes of BX3 with v arious 
mono-substitute d pyridines and N- subs titute d anilines have 
been measured to determine the orders of donor and accept o r 
strengths and to investigate steric effects to complex 
format ion. Chemical shifts are reported a t infinite dilution . 
It was not possibl e to r eaffirm the order of the 
acceptor strengths of the boron trihal ides with r espect to 
2- fluoropyridine . The o rders of donor streng ths of alkyl-
pyridines a nd N- substituted anilines with respect t o BF3 
were found respectively to be 2-alky l < 3-alky l < pyridine 
S 4-alkyl and N, N-diethylani line < N- e thylaniline < N-methyl-
ani line < N, N-dimethy l ani line. Both o rde rs show steric 
hindran ce to complex formation . The anomalous order for 
11 the alkylpyridines based on B chemical shifts has been 
discussed . 
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INTRODUCTION 
It has long been established by Brown1 that the 
order of reactivity of the boron trihalides when complexed 
with pyridine is: · 
His work based on heats ·of reaction in nitrobenzene solu-
tions is opposite that predicted from simple electro-
negativity considerations. Brown's order has been verified 
spectroscopically using infrared and nuclear magnetic reso-
. - -
nance methods. Lappert2 with ethyl acetate complexes and 
Cook 3 with xanthone complexes measured shifts of the vibra-
tional frequency of the carbonyl groups. Mooney 4 used 11B 
nmr chemical shifts of pyridine adducts. 
However, extension of these-methods to measure order 
of reactivity of the donor in the boron trihalide complexes 
1 d t d . ' f ' 516 . d" t ea s to a con ra iction. Heats o reaction in ica e 
the order of reactivity of the donor can be directly cor-
related to the bulky nature of the groups in the 2-position, 
or the a-position, ·of the pyridine. The order of basic re-
activity decreases with increased bulkiness. For alkyl 
substituted pyridines the order is: 
1 
2 
2-alkyl <pyridine< 3-alkyl < 4-alkyl 
11B nmr studies 4 , 7 ,s of substituted pyridine boron tri-
halide complexes have been interpreted as giving evidence 
that the order of donor strength is: 
pyridine< 3-alkyl < 4-alkyl < 2-alkyl 
This order shows no steric strain. Here it is assumed 
the increase in the electron density at the boron atom is 
due only to the donation of the free electron pair of the 
nitrogen upon complex formation. 
In regard to 1H nuclear magnetic resonance the fol-
lowing changes are expected in the spectra of complexes 
.of pyridines with Lewis acids as compared to spectra of 
9 
the pure pyridines according to Perkampus et al. : 
A. Formation of a complex has an electron with-
drawing effect on the a~omatic ring. It is 
transferred via-polarization to decrease 
electron density at the ring protons. This 
results in a decrease irr diamagnetic shielding 
and a down field shift. 
B. The electron withdrawing effect slightly de-
creases the rr-electron density of the pyridine 
resulting in a corresponding decrease in the 
ring current. This causes a decrease in the 
paramagnetic shielding to give rise to a feeble 
shift to higher field. 
C .• The circle current in the free electron pair 
of the nitrogen causes a paramagnetic shielding 
of the adjacent protons. Formation of the com-
plex will partly neutralize this effect and is 
evidenced by shifts to higher field. This is 
especially noticeable for the a-positions. 
3 
The resultant shift from these expected changes is shown 
in Figure 1. 
A 
B 
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C R 
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B 
-
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y 
~ C R 
Fig. 1--Schematic Diagram of the Expected Shifts 
for the a-,.S-, ang y-Proton Signals Upon 
Complex Formation. 
A - Shift due to decrease in electron 
density. 
B - Shift due to decrease in ring current. 
C - Shift due to neutralization of para-
magnetic shielding of free electron 
pair. 
R - Resultant shift. 
Yet 1H chemical shifts measured at 60 MHz of the 
ring protons of substituted pyridines complexed with 
boron trihalides and borane appear to show no simple re-
lation to the extent of electron donation by the nitrogen. 
to the boron as shifts cannot be measured with the re-
quired accuracy. 4 •1° For example, acetonitrile recorded 
at 60 MHz produces a complex ABC-type spectrum with 
4 
chemical shift values, o, and spin coupling constants, J, 
extractable only with computer calculations. The chemical 
shift spread resulting from operation at 100 MHz is such 
that the spectrum approaches an ABX-type spectrum and the 
Ii-values and J-values can be estimated without cal-
culations.11 
When the proton shifts of substituted pyridines com-
plexed with Lewis acids are measured at 100 MHz the spectra 
can be treated as having first order spin-spin fine struc-
ture. The chemical shifts for the ring protons of various 
pyridines with several Lewis acids have been accurately 
measured and their values expressed as ~H. appear in 
J. 
Table 1. 9 
where i is the a-position, fl-position or y-position on the 
ring. 
As Figure 1 shows, the shift of the a-proton is 
mainly dependent on the C-shift. Since this shift is con-
trolled by the degree of involvement of the free electron 
pair of the nitrogen in formation of the coordinate N+B 
bond, the basicity of the pyridines with respect to the 
Lewis acids can be deduced from the ~Ha values in Table 1· 
as the strength of the N+B increases with greater basicity 
of the donor which leads to greater involvement of the 
·electron pair. ~Ha decreases with increasing basic strength. 
Table 1 
DIFFERENCES IN CHEMICAL SHIFTS OF PYRIDINES AND COMPLE~ED PYRIDINES. 9 
LIH LIHS LIH a y 
BF3 A1Br 3 HCl BF3 A1Br 3 HCl BF3 A1Br 3 HCl 
pyridine 0.18 0.59 0.40 0.68 0.91 0.76 0.79 0.98 0.90 
U1 
4-picoline 0.12 0.43 0.51 0.60 0.71 0.98 
4-ethylpyridine 0.15 0.51 0.49 0.65 0.79 0.84 
3-picoline 0.18 0.55 0.43 0.65 0.80 0.74 0.76 0.86 0.91 
2-picoline 0.35 0.97 0.27 0.65 0.82 0.66 0.70 0.83 0.78 
2-ethylpyridine 0.38 1.01 0.38 .. 0. 70 0.84 0.80 0.76 0.93 0.92 
2-fluoropyridine 0.33 0.10 0.32 0.52a 0.13a 0.41a 0.65 0.14 0.49 
0.59b 0.12b a.sob 
2,6-dimethylpyridine 0.63 0.04 0.79 0.65 0.04 0.88 
avaiue for H3 
bValue for HS 
6 
This gives the order of donor strength with respect to 
BF 3 and Al Br 3 as : . 
2-alkyl < 3-alkyl <pyridine< 4-alkyl 
Definite steric interaction is seen. It should be noted, 
however, that when H+ is the Lewis acid normal order is 
seen. 
In an attempt to solve this steric paradox, a fluo-
rine nuclear magnetic resonance study of various alkyl 
substituted pyridines complexed with boron trifluoride 
was undertaken. N-substituted aniline complexes were also 
investigated for evidence of steric effects. Furthermore, 
an attempt was made to verify the order of acid strength 
of the boron trihalide by 19F nmr. 
Theoretical treatment12 • 13 •14 of the screening con-
stant responsible for chemical shifts divides the constant 
into two parts. One is due to diamagnetic effects and has 
a positive contribution. The other is a paramagnetic ef-
fect and it gives a negative contribution to the screening 
constant. The principal cause of the fluorine chemical 
shifts is the paramagnetic term. In fact only 1% of the 
shift is accounted for by the diamagnetic term [14, p. 874]. 
This paramagnetic contribution, which gives a shift to low 
fields, is greatest in covalently bonded fluorine and zero 
in ionic fluorine as its symmetry is spherical [12, p. 318]. 
7 
The mathematical treatment of the screening constant 
most often used in explaining diamagnetic and paramagnetic 
shifts is Rainsey's expansion of the well-known Lamb ex-
pression fer a free atom. Ramsey's formula is: 
crzz 
2 
X 
In) (n I l: • 
J 
l (E 
n;,!O n 
Jo) 
and becomes the mean screening constant when averaged over 
all directions· [12, p. 168]. Ramsey separates out the 
first term only which he calls the diamagnetic term. The 
rest is the second order paramagnetic term. 
However, an alternate division into three terms by 
S 'k d 1· h lS ' ai a an Sic ter gives: 
1. The Diamagnetic Correction for the Atom in 
Question. 
This is the well-known Lamb expression, and 
differs in different fluorine compounds by an 
amount that is only about 1% of the observed 
range in chemical shifts. 
2. The Paramagnetic Term for the Atom in Question. 
This term represents the contribution from 
magnetic fields set up by the orbital motion of 
the valence electrons. In absence of an external 
static field, the orbital fields have a zero 
average value, but at any instant produce fields 
of several thousand gauss at the nucleus. A 
• 
8 
slight polarization of these enormous fluctuating 
fields by the static magnetic field produces an 
appreciable magnetic shielding. 
3. The Contribution from Other Atoms. 
Electrons on other atoms are either tightly 
bound in closed shells, or else are in the valence 
shells. The former are hard to polarize and 
clearly give only small fields. The valence elec-
trons will have an effect small compared to item 
(2) above because of the l/r3 falling off of the 
interaction. 
The paramagnetic shift is therefore principally re~ 
sponsible for chemical shifts in fluorine. On this basis 
one can see why the range in chemical shifts of the proton 
is so much smaller than that of fluorine and phosphorus, 
since s electrons exert a zero instantaneous orbital mag-
netic field at the nucleus, whereas p or d electrons exert· 
large ones. On the basis of the above considerations, the 
second-order paramagnetic term would be zero in the completely 
ionic F-, because of the filled L shell, and would have its 
largest value in covalent F2 , as o~served.
15 
Thus, fluorine chemical shifts can be correlated to 
the degree of ionic character of the fluorine bond and to 
the electronegativity of the attached atom. However, this 
relationship is only valid if the molecules in a ser"ies 
have similar energy separations between the ground state 
and low-lying excited electron states. Therefore, other 
factors can influence the shielding of fluorine. 
We believe that differences in the spectra between 
2-fluoropyridine and 2-fluoropyridine·complexed with boron 
9 
trihalides are mainly due to changes in paramagnetic ef-
fects. The ring fluorine seems to experience the same 
changes as the ring hydrogen in the case of 1H nmr. Again 
referring back to Figure 1 and applying it to fluorine nmr, 
shift A depends on the ability of the Lewis acid to with-
draw electrons from the ring. The chemical shift should 
increase to lower field with increasing acid strength. 
However, the increasing strengths of the acids should cause 
greater changes in shift B to higher field. Shifts A and B 
should have a counterbalancing effect to produce a shift to 
low field which is approximately the same for each of the 
boron trihalides. Therefore, shift C should determine the 
differences in the resultant fluorine shifts for the series. 
Since the magnitude of shift C corresponds to the involve-
ment of the free electron pair on the nitrogen in the N+B 
bond, the strongest acid is expected to produce the greatest 
up-field shift. The resultant shifts, shift R, for the com-
plexes are expected to be at higher fields than 2-fluoro-
pyridine as fluorine is much more sensitive to paramagnetic 
changes than hydrogen. Thus, shifts for the ring fluorine 
of 2-fluoropyridine when complexed with boron trihalides are 
expected to follow the standard order: 
if no steric hindrance from the Lewis acids occurs. 
Changes in paramagnetic shielding should also deter-
mine the fluorine shifts for the pyridine boron trifluoride 
10 
complexes. The correlation between electronegativity and 
fluorine chemical shift [12, p. 319Y is simply that the 
fluorine resonance tends to be displaced to low field· with 
increasing electronegativity of the central atom, i.e., 
the atom bonded to the fluorine. This implies the more 
tightly electrons are held by the central atom, the less. 
effective these electrons are in magnetically shielding .the 
fluorine nucleus. Increasing electronegativity of the bonded 
atom destroys the symmetrical charge distribution to a 
greater extent, thus increasing the paramagnetic contribution. 
Since the electronegativity of the central atom decreases 
with increasing p-character of the hybridization of the cen-
3 2 tral atom in the order of sp < sp < sp [16, p. 18], an in-
crease in the p-character of the central atom can be asso-
ciated with a decrease in the paramagnetic contribution 
which should cause a displacement to higher field. 
The hybridization of boron in boron trifluoride is 
sp2 . Up9n complex formation with the pyridine it becomes 
3 sp. This change in p-character causes a decrease in the 
paramagnetic shielding so the fluorine signal should move 
to higher field. This is seen to be the case for boron 
trifluoride complexed not only with pyridine and triethyl-. 
amine, but also for tetrahydrofuran and anisole17 (see 
Table 2) . 
Base 
Pyridine 
11 
Table 2 
CHEMICAL SHIFTS OF FREE AND COMPLEXED BF3 .
17 
Shifts are measured from external CFC13 . 
Positive values are up-field of reference. 
Free BF 3 Complexed BF 3 
128.5 149.4 
Triethylamine 129.0 148.8 
Tetrahydrofuran- 128.7 154.2 
Anisole 128.8 152.8 
The p-character of the boron will depend on the involvement 
of the free electron pair of the nitrogen in the N+B bond. 
It should increase with increasing involvement of the elec-
tron pair. Since greater involvem§?nt should occur with the 
stronger base, chemical shifts of the fluorine should be to 
higher field with increasing basic strength. It should be 
noted that paramagnetic shieiding of the free electron pair 
of the nitrogen is not completely neutralized on complex 
formation especially with weaker bases. 9 This would produce 
an increased shift of the fluorine to lower fields for weak 
bases. 
The expected order of chemical shifts for the pyri-
dine boron trifluoride complexes should follow pKa values· 
12 
if no. steric interactio.n o.ccurs (see Table 3). 
defined as: 
pK is 
a 
'th f b ' th . . ff' · 18 wi eing e activity co.e icient. If steric li.in-
drance do.es influence co.mplex fo.rmatio.n, the shifts o.f the 
fluo.rine fo.r the co.mplexes sho.uld be that fo.und fro.m 
Bro.wn' s wo.rk and 1H nmr r·es ul ts • 
Table 3 
pK 
a 
VALUES FOR PYRIDINES IN INCREASING 
ORDER OF BASIC STRENGTH18 
Base 
2-fluo.ro.pyridine 
pyridine 
3-ethylpyridine 
3-methylpyridine 
4-ethylpyridine 
2-methylpyridine 
2-n-pro.pylpyridine· 
4-t-butylpyridine 
4-methylpyridine 
-0.44 
5.25 
5.56 
5.63 
5.87 
5.94 
5.97 
5.99 
6.03 
13 
The factors influencing the chemical shifts for 
the aniline boron trifluoride complexes should parallel 
those for the pyridine boron trifluoride complexes. Again, 
increasing basic strength should produce fluorine signals 
at increasingly higher field. In absence of steric effects 
basic strengths should follow pKa values (see Table 4). 
Table 4 
pKa VALUES FOR ANILINES IN INCREASING 
ORDER OF BASIC STRENGTH.lB 
Base pKa Temperature 
Aniline 4.603 25 
N-methylaniline 4.848 25 
N,N-dimethylaniline 5.068 25 
N-ethylaniline 5.12 24 
N,N-diethylaniline 6.61 22 
(OC) 
EXPERIMENTAL SECTION 
Preparation of Materials 
Solvents 
Acetone (Eastman Kodak Company) was fractionally 
distilled using a Vigreux column, dried over calcium sul-
fate for twelve hours, and again fractionally distilled. 19 
Fraction collected boiled at 55.5° to 57.o 0 c. 
Dimethylsulfoxide ("Baker Analyzed" Reagent) was · 
allowed to stand over sodium hydroxide pellets for twelve 
hours and then vacuum distilled through an electrically 
heated column. 2° Fraction collected boiled at 88°C at 
12 mm Hg. 
Dichloromethane (Aldrich Chemical Company) and pen-
tane (Matheson, Coleman, and Bell) were used without further 
purification. 
Reagents 
Boron trifluoride diethyletherate (Eastman Organic 
Chemicals) was purified by simple distillation. Boron tri-
chloride (The Matheson Company, Inc.) and boron tribromide 
(ALFA Inorganics) were used without further purification. 
All of the pyridines (Aldrich Chemical Co., Inc.) 
were refluxed over barium oxide followed by distillation from 
b. . . d 21 the arium oxi e. 
14 
15 
Aniline and N-methylaniline (Matheson, Coleman, and 
Bell) and N,N-dimethylaniline, N-ethylaniline, and N,N-di-
ethylaniline (Eastman Organic Chemicals) were purified by 
vacuum distillation at pressures of less than 12 mm Hg. 
See Table 5 for boiling points of pyridines and 
anilines. 
Table 5 
BOILING POINTS FOR PURIFIED BASES 
Base Reflux Time (Min. ) B.P. (o C) 
2-fluoropyridine 60 125-127° /742 mm 
pyridine 120 -------
2-picoline 120 127-128°/742 mm 
3-picoline 120 141°/737 mm 
4-picoline 120 140-142°/740 mm 
3-ethylpyridine 60 94° /25 mm -
4-ethylpyridine 30 94°/11 mm 
4-t-butylpyridine 60 33-35° I < 12 mm 
2-n-propylpyridine 60 30° I < 12 mm 
aniline 30° I < 12 mm 
N-methylaniline 42° I < 12 mm 
N,N-dimethylaniline 35° I < 12 mm 
N-ethylaniline 49°/ < 12 mm 
N,N-diethylaniline 49° I < 12 l!L'll 
-, 
16 
Reference Compounds 
Hexafluorobenzene (NMR Specialities) and trichloro-
fluoromethane (Pierce Chemical Company) were used without 
further purification. 
Preparation of Compounds 
Melting points and percentage yield for all complexes 
are summarized in Table 6. 
2-Fluoro~yridine Boron 
Trifluoride 
The pyridine was dissolved in pentane and added 
through an addition funnel into boron trifluoride diethyl-
etherate in a 50 or 100 ml 3-necked flask which allowed 
continual bleeding of nitrogen through the reaction system. 
Equal molar amounts of acid and base were used. _The pen-
tane was evaporated, the complex washed with pentane, and 
dried under vacuum. 
2-Fluoropyridine Boron 
Tri chloride 
A solution of boron trichloride was made by bubbling 
the gas into 30 ml pentane for 20 minutes at -80°C in a 
100 ml 3-necked flask under nitrogen. The flask was then 
fitted.with an addition funnel and 2~fluoropyridine (0.02 
mole) at room temperature was added. Mixture was allowed 
to come to room temperature, then the pentane was evaporated. 
The complex was washed with pentane and dried under vacuum. 
17 
Table 6 
SUMMARY OF MELTING POINTS 
AND YIELDS OF COMPLEXES 
Melting Point (OC) 
Complex 
Experimental Literature 
2-~luoropyridine•BF3 55-57° 
2-~·luoropyridine •Bcl3 
·, . 
120-125° 
. 
2-fluoropyridine•BBr3 
py:i:idine•BF3 40-41° 
44-46° [ 22l 
4 7-48° [ l] 
46-4 7° [ 23J 
2-picoline•BF3 57-58° 
550 [ 7] 
3-picoline•BF3 45° 
4-picoline•BF· 3 74° 
720 [ 7] 
3-ethylpyridine•BF3 27° 
4-ethylpyridine•BF 3 46. 5° 
450 [ 7] 
4-t-·butylpyridine • BF 3 158° 
2-n-propylpyridine•BF3 
anilin~•BF3 145° 
164-168°[ 24] 
1500 [ 25] 
N-methylaniline•BF3 70° 
N,N-dimethylanilir.e•BF3 83° 
920 [ 27] 
840 [ 25] 
N-ethylaniline•BF 3 
N,N-diethylaniline•BF3 
% Yield 
84.0 
40.0 
93.0 
93.8 
93.5 
81.5 
88.l 
93.0 
95.9 
86.9 
91.7 
2-Fluoropyridine Boron 
Tribromide 
18 
The pyridine in 30 ml dichloromethane was added to 
boron tribromide in 25 ml of the same solvent in a 100 ml 
3-necked_flask under nitrogen atmosphere. Equal molar 
amounts of acid and base were used. The complex precipi-
tated on addition of pentane. Solvents were evaporated; 
and, the remaining complex was washed with pentane and dried 
under vacuum .. 
Pyridine Boron Trifluoride 
Complexes 
These complexes were made in the same manner as 
the 2-fluoropyridine boron trifluoride complex. 
Aniline Boron Trifluoride 
Complexes 
The aniline complex·es were also prepared in the same 
manner as the 2-fluoropyridine boron trifluoride complex. 
Instrumentation 
All nmr measurements were made on a JEOL C-60 HL 
High Resolution Spectrometer using 60 MHz for hydrogen 
spectra and 56 MHz for fluorine spectra. Solvent used was 
dichloromethane. Internal references were hexafluorobenzene 
and trichlorofluoromethane. See Table 7 for other solvents. 
Spectra were recorded at 20°c. 
Infrared spectra were measured on a Beckman IR-8 as 
thin films and were used to verify complex formation. 
Melting points were taken on a Mel-Temp Laboratory Devices 
19 
electric melting point apparatus placed in a dry-box with 
nitrogen atmosphere, 
Mathematical Treatment 
Least square treatment of the data for chemical 
h 'ft t. f' 't d'l . 28 d · s i s a in ini e i ution was one on a Wang 700 Series-
Advanced Programming Calculator using Library Tape program 
th No. 36, n Order Regression Analysis. 
Spectroscopic Measurements 
Spectra of the complexes were taken using both 
c6F 6 and CFC1 3 as internal references in each sample tube. 
Chemical shift of each sample was measured with respect to 
each reference. When possible the spectra of a complex 
were made at three different concentrations and the re-
sulting chemical shifts were used to calculate the chemical 
shift of that complex at infinite dilution. Experimental 
chemical shifts are reported as t*-values and the calculated 
chemical shifts at infinite dilution are reported as t-
values. Tables 7, 8, and 9 give the chemical shifts for 
the 2-fluoropyridine complexes, the alkyl-substituted py-
ridine boron trifluoride complexes, and the aniline boron 
trifluoride complexes, respectively. Figure 2 is a repre-
sentative spectrum for all the BF3 complexes measured. 
Spectra of the protonated 2-fluoropyridine were 
taken from a sample of a 1.85 M solution of 2-fluoropyridine 
in dichloromethane to which concentrate H2so 4 was added in 
20 
Table 7 
SUMMARY OF CHEMICAL SHIFTS FOR . 
2-FLUOROPYRIDINE COMPLEXES 
Complex 
2-fluoropyridinea 
2-fluoropyridine•BF3a 
2.-fl uoropyr idine • BCl 3 b 
2-fluoropyridine•BBr3 
2-fluoropyridine 
2-fluoropyriuine•BF3 
2-fluoropyridine•BC1 3b 
2-fluoropyridine•BBr3 
2-fluoropyridinea 
2-fluoropyridine•BF3 
2-fluoropyridine•BC1 3 
2-fluoropyridine•BBr 3 
a<j,-value given 
bvalues from two spectra 
ctwo peaks in spectrum 
90.878 
90.280 
90.30 
90.73 
90.63 
91.57 
85.73 
89 .10 
88.73 
83.95 
90.175 
87.50 
80.88 
Solvent 
DMSO 
Acetone 
-65.192 
-64.863 
-65.07 
-C5.47 
-65.13 
-65.67 
-70.27 
-67.47 
-66.93 
-72.68 
-65.373 
-59.17 
-76.13, 
-54.38 
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Table 8 
CHEMICAL SHIFTS AND CONCENTRATION EFFECTS 
FOR ALKYLPYRIDINE BORON TRIFLUORIDE COMPLEXES 
<P C6F6 ppm/M 
Complex CH2Cl 2 Acetone CH2cl2 Acetone 
4-methylpyridine•BF3 10.574 12.950 0.457 0.307 
4-t-butylpyridine•BF3 10.610 12.925 0.448 0.287 
pyridine•BF3 10.664 12.888 -0.323 0.343 
4-ethylpyridine•BF3 10.683 12.957 0.361 0.122 
3-ethylpyridine•BF3 10.705 13.025 0.456 0.203 
3-methylpyridine•BF3 10.736 13.096 0.363 0.197 
2-methylpyridine•BF3 15.010 13.318 0.185 0.454 
2-n-propylpyridine•BF3 16.667 18.9a 0.466 -----
a <j>*-value 
Table 9 
CHEMICAL SHIFTS AND CONCENTRATION EFFECTS 
FOR N-SUBSTITUTED ANILINE BORON TRIFLUORIDE 
Complex 
N,N-dimethylaniline•BF3 
N-methylaniline•BF3 
N-ethylaniline•BF3 
Aniline•BF3 
N,N-diethylaniline•BF3 
4.345 
8.696 
10.333 
13.65a 
14.561 
ppm/M 
0.325 
0.244 
0.677 
0.378 
22 
+ H 
19 Fig. 2-- F NMR Spectrum of 3-Ethylpyridine•BF3 
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successive 0.05 ml quantities until the original peak disap-
peared (see Figure 3). The sample remained homogeneous for 
all spectra. 
O0servations 
In regard to purification of reagents, it was noted 
that the 4-substituted pyridines foamed excessively and 
required distilling pots having a volume four times larger 
than the volume of the liquid to be distilled. 
Preparation of several of the pyridine complexes in-
volved the typical problems of decomposition and low yields. 
2-Fluoropyridine boron tribromide apparently decomposes 
under continued vacuum drying as the white solid complex 
turned brown and became a viscous semisolid. Different 
methods of drying the complexes were tried using 3-picoline 
boron trifluoride. This prevented calculation of a true 
yield. The yield of 2-propylpyridine boron trifluoride 
was only sufficient for preparation of spectroscopic samples. 
The white complex which finally formed began to turn brown 
immediately after evaporation of solvent. 
Several points of interest occur with the aniline 
series. Since aniline boron trifluoride was insoluble in 
dichloromethane, no signal could be observed. Therefore, 
it could not be determined if precautions to exclude at-
mospheric moisture were sufficient to prevent decomposition 
of this complex before the nmr samples were prepared [note 
l]. However, a fleeting signal was observed when aniline 
and boron trifluoride diethyletherate were mixed directly 
+ H 
n = 1 
+ H 
n = 3 
24 
+ H 
n = 2 
Fi_g. 3--2-Fluoropyridine in CH2cl2 + n(0.05) ml H2so4 • 
Protonated peak is 11.9 ppm to higher field. 
25 
in the nmr sampie tube and run before the white solid 
precipitated. Both the N-ethylaniline and N,N-di-
ethylaniline complexes failed to solidify at -80°C. The 
former was a viscous yellow liquid; the latter was a vis-
cous emerald green liquid [note 2]. 
Note 1: 
Aniline boron trifluoride has been reported as 
losing mass at 180°c, is unstable in air, and can be stored 
only in inert atmosphere. 29 
Note 2: 
This apparently is not unusual as N-methyldiphenyl-
amine boron trifluoride26 first forms an emerald green 
solid with 1:0.58 mole boron trifluoride. It must remain 
in contact with boron trifluoride to form the 1:1 white 
complex. Both forms are stable for long periods of time. 
The color is thought to come from pseudo anilinium ions or 
to charge transfer. 25 
DISCUSSION 
In this work experimental chemical shifts are 
measured at infinite dilution as recommended by Flipovich 
d . 28 an Tiers. Chemical shifts are reported as$* (ppm) 
where 
This definition gives positive values to shifts to lower 
field. When the reference is hexafluorobenzene, chemical 
shifts are expressed as $*c F 
6 6 
All fluorine signals ap-
peared at lower fields than hexafluorobenzene. Likewise, 
when using trichlorofluoromethane as reference, $*cFCl
3 
expresses the chemical shift. In this case all fluorine 
signals appeared to the high field side of the reference. 
Chemical shifts at infinite dilution are reported 
as $-values. $-values are determined by regression analy-
sis of $*-values at three different molar concentrations. 
Concentration effects are also reported. 
2-Fluoropyridine Boron Trihalide 
Complexes 
Table 7 summarizes the chemical shifts of the 2-
fluoropyridine boron trihalide complexes. In all cases 
26 
-; 
27 
it is the 19F signal from the fluorine on the pyridine 
ring which is reported. The chemical shift at infinite· 
dilution was obtained in three cases only: 2-f1uoropy-
ridine in dichloromethane, 2-fluoropyridine in dimethyl-
sulfoxide, and 2-fluoropyridine boron trifluoride in di-
methylsulfoxide. Low solubility and signs of reaction 
with the solvents made $-values unobtainable. 
The solubility of the complexes in dichloromethane 
was so low that the spectra were taken from saturated sam-
ples. Still, no signal was seen for the boron trifluoride 
complex. The boron tribromide complex gave two signals 
which verifies its suspected decomposition. The signal 
from the boron trichloride complex was so weak that it can 
be assumed to be at infinite dilution. 
When acetone was used as the nmr solvent, simila~ 
problems arose. Due to the low solubility of the boron 
trifluoride complex the $*-value could easily represent 
the $-value. However, with visible signs of reaction with 
acetone occurring with the other two complexes, no use 
could be made of it. The boron trichloride complex formed 
a yellow solution with acetone. When the bo:::on tribro-
mide complex was added to excess acetone, the resulting 
red solution immediately formed a precipitate. Only.one 
signal was observed for the sample. 
Dimethylsulfoxide was the best solvent found among 
the numerous solvents tried. However, the boron trichloride 
28 
complex showed signs of reaction by evolution of a gas. 
The boron tribromide complex produced a dark yellow solution. 
No reliable order can be obtained from Table 7 for 
the donor strengths of the boron trihalides with respect 
to 2-fluoropyridine as $-values could not be calculated. 
Order based on $*-values shows variation from solvent to 
solvent. In addition to this, the concentration effects 
on the chemical shifts cannot be neglected as regression 
analysis shows (see Figure 4). 
The small difference in $-values for 2-fluoropyri-
dine and 2-fluoropyridine boron trifluoride prompted in-
vestigation of protonated 2-fluoropyridine to determine 
the direction of the fluorine shift on complex formation. 
The results of this experiment are shown in Figure 3. An 
up-field shift does indeed occur on complex formation. 
Pyridine Boron Trifluoride 
Complexes 
The chemical shifts expressed as $-values for the 
alkylpyridine boron trifluoride complexes are summarized 
in Table 8. 
The 19 F ~pectra of the pyridine boron trifluoride 
complexes occur as quartets in dichloromethane. The$*-
values at the center of each quartet from spectra made at 
three different molar concentrations were used in the 
regression analysis calculations to find the $-values for 
each complex in dichloromethane and to determine the con-
centration dependency, if any, for each complex. 
t 
91.2 
. 91. 0 
90.8 
90.6 
90.4 
90.2 
90.0 
-63.l 
-63.3 
-63.5 
l 
29 
DMSOa - CFCl~ - 0.0213 ppm/Mc 
2 3 4 5 6 7 8 
Fig. 4--Plot of~* versus Molarity for 2-Fluoropyridine 
a b c Solvent; Reference; Slope. 
30 
In acetone the quartet begins to collapse and lose 
fine structure. $*-values of the main peak were used for 
calculation of $-values and concentration effects fer this 
solvent. 
Concentration effects are large enough to warrant 
calculation of $-values for comparison of donor strengths 
(see Table 8). The shifts in dichloromethane solutions 
show little variation among the complexes when the pyri-
dine is substituted in the 3-position or the 4-position. 
However, when coupled with the shifts in acetone, the 
order of donor strength of the alkylpyridines with respect 
to boron trifluoride is: 
2-alkyl < 3-alkyl <pyridine< 4-alkyl 
This is the same order of donor strength that can be de-
duced from the 1H nmr chemical shifts. 9 Definite steric 
hindrance is seen for complex formation with the 2-sub-
stituted pyridines. 
Since the fluorine appears at lowest field for the 
2-methylpyridine boron trifluoride and 2-n-propylpyridine 
boron trifluoride, the boron atom in these complexes must 
have less p-character (i.e., be more electronegative) than 
the boron atoms in the other complexes. This should give 
11B shifts to lowest field for the 2-alkylpyridine com-
plexes as 11B chemical shifts move to higher field in going, 
from sp2 to sp3 hybridization [14, p. 971]. However, 
31 
7 Mooney has observed abnormal shifts to higher field for 
11B in 2-alkylpyridine boron trifluoride complexes. 
The shifts to lower field for the fluorine in the 
2-substituted pyridine complexes imply a greater degree 
of covalent character for the B-F bonds. This would give 
a higher electron density in the vicinity of the boron atom. 
If this electron density increase distributed itself in 
such a manner that the end result would be a more spherical 
symmetry for the boron atom in the complex, there could be 
an increase in the diamagnetic shielding. This would re-
sult in an increased positive contribution to the screening 
constant which might cause the increased up-field shifts 
for the boron in the 2-substituted pyridine boron tri-
fluoride complexes seen by Mooney arid co-workers. However, 
since the relative diamagnetic and paramagnetic effects on 
chemical shifts have not been quantitatively derined, this 
is only speculation. 
This inconsistency for the order of donor strengths 
might be more easily resolved experimentally rather than 
theoretically. A fluorine nmr study of donor exchange re-
actions between the various mono-substituted alkylpyridines 
and their boron trifluoride complexes should give additional 
experimental evidence to support an order of donor strengths 
for these pyridines. When a stronger donor is added to a 
solution of a weaker donor·complex, the fluorine peak for 
the weaker donor complex would be expected to disappear and 
32 
a peak for the stronger donor complex should appear to the 
extent the equilibrium between the two complexes would 
allow. The direction of equilibrium and the equilibrium 
constant for the system of the two competing donors could 
be calculated since the nmr peak heights would be propor-
tional to their concentrations. 
Aniline Boron Trifluoride 
Complexes 
19 The F nmr spectra of several N-substituted anil-
ine boron trifluoride complexes were taken in dichloro-
methane. Spectra were measured at three different concen-
trations, except for aniline. The $-values and slope of 
the chemical shift versus concentration line are shown in 
Table 9. 
Investigations of N-substituted aniline boron tri-
fluoride complexes by 19 F nmr also show steric hindrance 
of complex formation as can be seen by comparing Table 4 
with Table 9. The order of donor 9 trength of the N-sub-
stituted anilines with respect to boron trifluoride is: 
N,N-diethylaniline < N-ethylaniline < N-methylaniline 
< N,N-dimethylaniline 
Again concentration effects verify the necessity of using 
$-values for reporting fluorine chemical shifts. 
Equilibrium Considerations 
The spectra of 3-ethylpyridine boron trifluoride in 
dichloromethane (see Figure 2) is typical of the spectra 
33 
for all the boron trifluoride complexes studied including 
the aniline complexes. The splitting into the quartet is 
due to 11B for which I= 3/2. The skew of the intensities 
is attributed to overlap with the septet caused by coupling 
with lOB which has I= 3. The quartet predominates be-
cause of the 81.3% abundance of 11B isotope. 30 However, 
in acetone the quartet begins to collapse and lose fine 
structure. Only in the cases of pyridine boron trifluoride 
and 2-methylpyridine boron trifluoride in acetone does the 
quartet completely break down. Similar collapsing of the 
quartet in some substituted aromatic amine 1-oxide boron 
trifluoride adducts has been attributed to nuclear quad-
rupole broadening or possible ligand exchange. 30 
When using dichloromethane as the nmr solvent, all 
spectra of the aniline and alkylpyridine boron trifluoride 
complexes studied (except the 3-ethyl-, 4-ethyl-, and 4-t-
butylpyridine boron trifluoride spectra) showed a second 
single peak which could be assigned to BF3-etherate. Since 
both peaks were observed, the exchange rate of donor and 
acceptor molecules is slow enough to determine accurate 
chemical shifts for the complexes. Sine~ the quartet is 
preserved in the cases for the three exceptions, the chemi-
cal shifts for these complexes can also be accurately 
determined. 
Since collapse of the quartet for the alkylpyridine 
boron trifluoride complexes was observed in the spectra 
using acetone as nmr solvent, the resulting chemical shifts 
34 
are not as reliable as those in dichloromethane. It is not 
known if the collapse is due mainly to ligar.d exchange or 
to nuclear quadrupole broadening. 
SUMMARY 
This fluorine nuclear magnetic resonance study ha~ 
qualitatively predicted and verified expected chemical 
shifts for 2-fluoropyridine adducts with the boron tri-
halides. However, the attempt to confirm their order of 
acid strengths with respect to 2-fluoropyridine was not 
successful due to low solubility in the nmr solvents in 
some cases and reaction with these solvents in other cases. 
Prediction and verification of expected chemical 
shifts of boron trifluoride adducts was also accomplished. 
Orders for the basic strengths of the al.kylpyridines and 
N-substituted anilines with respect to boron trifluoride 
were established. They are: 
2-alkyl < 3-alkyl <pyridine< 4-alkyl 
and 
N,N-diethylaniline < N-ethylaniline < N-methylaniline 
< N,N-dimethylaniline 
Both of these orders show steric hindrance to complex 
formation. The anomalous order of basic strengths for the 
alkylpyridines deduced by Mooney and co-workers from their 
11B nmr results has been discussed in terms of an increase 
in the diamagnetic shielding of the boron in the 
35 
36 
2-alkylpyridine complexes. This greater shielding might 
be attributed to increased covalent character of the B~F 
bond in these complexes. Additional experimental work 
using flourine nmr for analytical detection has been pro-
posed to further investigate the donor strengths of mono-
substituted alkylpyridines with respect to boron trifluoride. 
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